Quantum mechanical calculations are reported for the Li + HF(v = 0, 1, j = 0) → H + LiF(v ′ , j ′ ) bimolecular scattering process at low and ultralow temperatures. Calculations have been performed for zero total angular momentum using a recent high accuracy potential energy surface for the X 2 A ′ electronic ground state. For Li + HF(v = 0, j = 0), the reaction is dominated by resonances due to the decay of metastable states of the Li · · · F − H van der Waals complex. Assignment of these resonances has been carried out by calculating the eigenenergies of the quasibound states. We also find that while chemical reactivity is greatly enhanced by vibrational excitation the resonances get mostly washed out in the reaction of vibrationally excited HF with Li atoms. In addition, we find that at low energies, the reaction is significantly suppressed due to the formation of rather deeply bound van der Waals complexes and the less efficient tunneling of the relatively heavy fluorine atom.
will occur with significant rate coefficient at ultralow energies.
The Li+HF reaction has been the topic of a large number of experimental and theoretical studies. After the pioneering crossed beam work of Taylor and Datz [34] , the Li + HF reaction became a prototype system for experimental studies of the "harpoon" mechanism in reactions between alkali or alkaline earth metal atoms and hydrogen halide molecules [35] .
Thus, a large amount of experimental information has been reported for key observables such as integral and differential reactive cross sections [36, 37, 38, 39, 40, 41, 42, 43, 44] . On the theoretical front, numerous quantum mechanical [38, 39, 40, 43, 45, 46, 47, 48, 49, 50, 51, 52, 53] as well as classical trajectory [40, 54] scattering calculations have been performed on the ground state potential energy surface (PES). The relative simplicity of the LiHF system, with only 13 electrons, makes it very suitable for accurate ab initio calculations. Consequently, a rich variety of analytic global fits to the X 2 A ′ symmetry electronic ground state PES have been proposed [52, 53, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70] . As mentioned above, one of the unique aspects of the LiHF system is the rather deep van der Waals well in both the Li + HF and H + LiF channels. Unlike the well studied F + H 2 and
Cl + H 2 systems where the van der Waals well depth is about 100 − 200 cm −1 , the van der Waals well in the Li + HF is an order of magnitude deeper, giving rise to long-lived collision complexes and narrow scattering resonances in the energy dependent reaction probabilities.
The presence of the deep van der Waals well in the Li( 2 S) + HF(X 1 Σ + ) entrance valley was confirmed by backward glory scattering experiment of Loesch and Stienkemeier [37] and by spectroscopic measurements of Hudson et al. [71] .
The X 2 A ′ LiHF PESs used in previous scattering studies were based on a relatively restricted sets of ab initio data, thus limiting the accuracy of the calculations. Furthermore, the energy range investigated did not cover the translationally cold and ultracold regimes.
Here, we report quantum scattering calculations for Li(
collisions, for a total molecular angular momentum J = 0, using the recent high accuracy global PES of the LiHF ground state calculated by Aguado et al. [70] .
A brief review of the basic characteristics of the PES is given in Sec. II, together with a summary of the quantum scattering approach with illustrative convergence tests assessing Parity-adapted S−matrix elements, S J,P v ′ j ′ k ′ ,vjk , are computed for all the arrangements of the collision products for each given (J, P, p) triple, where J is the total angular momentum quantum number and P and p are the triatomic and diatomic parity eigenvalues, respectively; v and j are the usual diatomic vibrational and rotational quantum numbers and k is the helicity quantum number for the reactants, their primed counterparts referring to the products. After transformation of the parity-adapted S−matrix elements into their standard helicity representation, S J v ′ j ′ k ′ ,vjk , initial state selected cross sections are calculated as a function of the kinetic energy, E kin , according to
where k vj is the incident channel wave vector and the helicity quantum numbers k and k ′ are restricted to the ranges 0 k min(J, j) and 0 k ′ min(J, j ′ ). Let us note that for zero total molecular angular momentum and s−wave scattering in the incident channel, Eq.
(1) merely reduces to a summation over the quantum number v ′ and j ′ .
C. Convergence tests
At very low temperatures, quantum tunneling becomes the dominant mechanism of chemical reaction when energy barriers are present. As a consequence, the reaction probabilities are usually very small and particular care must be paid to the convergence of scattering calculations. We have performed extensive convergence tests of the initial-state-selected and state-to-state reaction probabilities with respect to the maximum rotational quantum number, j max , and cut-off energy, E max , that control the basis set size, the maximum value of the hyperradius, ρ max , and the size of the log derivative propagation sectors, ∆ρ.
The energy dependence of the Li+HF(v = 0, j = 0) → H+LiF(v ′ , j ′ ) reaction probability is shown in Fig. 1 for different values of ρ max and ∆ρ. Convergence with an accuracy better than 10 −10 was achieved over the range 10 obtained with j max = 25 and E max = 3.2 eV as a reference, similar accuracy was found using j max = 20 and a cut-off internal energy E max = 2.9 eV in any channel. The basis set corresponding to these values was composed of 771 local basis functions. As Fig. 2 illustrates, the state-to-state reactive probability is particularly sensitive to the size of the basis set at low translational energies. On the basis of these convergence tests, values of ρ max = 50.0 a.u., ∆ρ = 0.005 a.u., j max = 20 and E max = 2.9 eV were adopted for the calculations reported hereafter.
III. RESULTS AND DISCUSSION
The initial state-selected reaction probability for LiF formation in Li + HF(v = 0, j = 0)
collisions is shown in Fig. 3 as a function of the total energy. Our results are presented along with the recent time-independent quantum coupled channel hyperspherical calculations of Laganà, Crocchianti, and Piermarini [51] obtained with a scaled PES of Parker et al. [45] . Both sets of results are consistent with respect to the magnitude of the predicted probability, i.e., both exhibit small values for the reaction probability. This merely reflects the fact that for collisions with HF molecules initially in their ground vibrational state the reaction proceeds mainly by quantum tunneling through the barrier. The unusually large well depth of the van der Waals potential in the entrance valley effectively raises the reaction barrier, thus leading to small values of the reaction probability. Our results confirm that there is indeed a dense resonance structure at low energies associated with quasibound states of the Li · · · F−H van der Waals complex [50, 51] . However, the positions of the peaks predicted by our calculations are noticeably different from the quantum scattering results of Their time-independent quantum calculations using the variational method employed the global ab initio PES of Jasper et al. [67] . Briefly, this ground-state PES is characterized by a reactant van der Waals well at −0.21 eV relative to the Li( 2 S) + HF asymptote, followed by a saddle point at +0.35 eV, a product van der Waals well at +0.167 eV and finally a product asymptote at +0.21 eV. This potential also exhibits a second saddle point in the product valley at +0.224 eV. Compared to our results, the reaction probability obtained by Gauss-Hermite quadrature points for the vibrational wave functions and a grid of 1000 points for the atom-molecule separation. As reported in Table I 
where S el is the elastic component of the scattering matrix and k is the wavevector corresponding to the initial kinetic energy. We found α v=0 = +11.551Å and α v=1 = +11.535Å
for the real part of the scattering length for v = 0 and 1, respectively. ρ max =50 a.u., ∆ ρ =5.10 -3 a.u.
ρ max =100 a.u., ∆ ρ =5.10 -3 a.u.
ρ max =35 a.u., ∆ ρ =5.10 -3 a.u. 
